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Abstract 
Surface roughness is an important variable of geomorphologic research and hydrological modeling, and widely used 
in the Earth and planetary science. It plays an important role in determining how a ground object will interact with its 
environment. Quantification of surface-roughness variability using Digital elevation model (DEM) were applied to 
study area of Beichuan County, one of the most destructed areas during the Wenchuan earthquake (7.9 Mw at 
14:28:01.42 CST on May 12, 2008). In this paper, four types of DEM were chosen for multi-scale assessment of the 
surface roughness. Three algorithms were employed, which were Root mean square of elevation, standard deviation 
of elevation, standard deviation of curvature profile. An overall trend of inclined to be flat from pre-earthquake to 
post-earthquake could be examined through the three measure methods, which indicate that Wenchuan earthquake 
indeed had effects on changing the surface roughness. The method of Root mean square of elevation shows the most 
obvious results in depicting the change before and after the earthquake. 
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1. Introduction 
Surface roughness is a useful tool for terrain analysis as it reflects numerous geophysical parameters, 
such as landform characteristics, distribution of crenulations, and degree of erosivity (Hani, 2011). Hind 
(2005) got a result from their research that the roughness of a surface was strongly correlated with the 
nature of the material that forms the geology of a studied region. Also, the local or the global analysis of 
surface roughness from DEM can assist in understanding erosional phenomena (Chase, 1992; Cheng, 
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1999). Consequently, quantitative computation of surface roughness of terrains in earthquake shocked 
area could provide valuable information for understanding aeolian and water erosion. Many algorithms 
computing surface roughness have been listed by Shepard et al. (2001). It was pointed out that scale-
dependent roughness parameters are almost always required. 
This paper specifically focuses upon the quantification of surface-roughness variability using Digital 
elevation model (DEM) via multi-scale analysis in area being destructed by earthquake. DEM offers the 
most common method for extracting topographic information and enables the modeling of surface 
processes. DEM plays an important tool for the analysis of terrains representations. It provides an 
objective measure of surface elevation (or relief) and is therefore ideally suited to the parameterization of 
surface features (Evans, 1980).  
In this paper, four kinds of DEM were chosen for multi-scale assessment of the surface roughness. 
Four algorithms were employed, which were Root mean square of elevation, standard deviation of 
elevation, standard deviation of Slope, standard deviation of curvature profile. Surface roughness in 
different scales of DEM was analyzed. Moreover, change of roughness between pre-earthquake and post-
earthquake was expected to be examined. 
Nomenclature 
DEM      Digital Elevation Model 
SRTM    Shuttle Radar Topography Mission 
ASTER   Advanced Space borne Thermal Emission and Reflection Radiometer  
GDEM    Globe DEM 
ALOS      Advanced Land Observing Satellite,  
PRISM     Panchromatic Remote-sensing Instrument for Stereo Mapping 
RMSE Root mean square of elevation 
SDE standard deviation of elevation 
SDC standard deviation of curvature profile 
2. Study area 
The Study area is located around the Beichuan County which belong to Mianyang city, Sichuan 
province in Southwest of China, where there was an earthquake, known as 2008 China earthquake or 
2008 Sichuan Earthquake occurred at 14:28:01.42 CST (06:28:01.42 UTC) (USGS, 2008) on May 12th, 
2008. The Wenchuan earthquake was ruptured along the Longmen Shan faults region, which is situated at 
the transition zone between the Tibetan Plateau and the Sichuan Basin (Fig. 1). The study area, Beichuan 
county (Beichuan old), was at the center of one of two zones where seismic intensity were the highest at 
XI during this earthquake. It was the only county town that was reconstructed in a new place (Beichuan 
new) after the earthquake (Fig. 1). It is clearly from Figure 1 that the study area consists partly of 
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mountain area and partly of plain area. The Longmenshan faults zone, which are Wenchuan-maoxian 
fault, Yinxiu-beichuan fault and Dujiangyan-anxian fault, are partially included in the study area. 
Fig. 1. Location map of the study area and topographic feature by Digital Elevation Model 
   
3. Data and methods 
3.1. Data resources 
Four kinds of DEMs with different scales and different dates are employed in this research, which are 
CnDEM produced by China National Fundamental Geographic Information Center in 1980 with an 
resolution of 25 m, SRTM V3 DEM downloaded from USGS (U.S. Geological Survey) website with a 
resolution of 90 m and ASTER GDEM from Earth Remote Sensing Data Analysis Center (ERSDAC) of 
Japan with a resolution of 24.5m. Aforementioned three types of DEMs were all acquired before the 
earthquake. DEM for post-earthquake was built from ALOS.  
 The Shuttle Radar Topography Mission (SRTM) is an international project developed by the National 
Geospatial-Intelligence Agency (NGA) and the National Aeronautics and Space Administration (NASA) 
in order to obtain a near-global high-resolution database of the Earth's topography by single-pass 
Interferometric Synthetic Aperture Radar (InSAR) technique. In February 2000 the Space Shuttle was 
launched into space, outfitted with two radar antennas, both for C-band and X-band. One antenna was 
located in the shuttle's payload bay, the other on the end of a 60-meter (200-foot) mast. 
The ASTER DEM product is generated using bands 3N (nadir-viewing) and 3B (backward-viewing) 
of an ASTER Level-1A image acquired by the Visible and Near Infrared (VNIR) sensor. The VNIR 
subsystem includes two independent telescope assemblies that facilitate the generation of stereoscopic 
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data. The DSM generation (on request) is based on an automated stereo-correlation method that generates 
a relative DEM without any ground control points (GCPs) 
3.2. Methods 
To evaluate the effects of spatial resolution, the four types of original DEM were all resampled by 
calculating the mean elevation value at resolution of 100m. Surface roughness was calculated for the two 
resolutions of four sorts of DEM, utilizing three methods which are Root mean square of elevation, 
standard deviation of elevation, standard deviation of curvature profile, to assess the surface roughness. 
Among the four aforementioned methods, profile curvature (the rate of change of slope) was related to 
roughness and planform curvature (the rate of change of aspect) and to drainage density. Profile curvature 
measures downslope curvature and help identify breaks of slope and additionally roughness. 
Slope, aspect, and profile curvature were calculated utilizing ArcGIS software. Standard deviation 
outputs were also implemented by ArcGIS software.  
4. Results and Discussion 
Figure 2-4 show the results. The surface roughness, which was calculated over the four sorts of DEM 
with 100-m spatial resolution, is presented for the selected four methods. Shades of blue correspond to 
smoother areas, yellow tones to intermediate values, and red to rough areas.  
Fig.2 Surface roughness calculated using method of Root mean square of elevation 
Figure 2(a)-(d) depicts the surface roughness result calculated by the measure method of Root mean 
square of elevation. The smoothest areas, represented by blue tone, are quite associated with the location 
of river. The roughest areas, according to the output results calculating from the three DEMs, all appears 
around the topmost of mountains. Surface roughness results between CnDEM and Aster GDEM acquired 
             a                               b
             c                                 d
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before the earthquake show mild differences. However, obvious change of surface roughness could be 
found between the output results of pre-earthquake and post-earthquake.  
Fig.3 Surface roughness calculated using method of standard deviation of elevation 
Fig.4 Surface roughness calculated using method of standard deviation of curvature profile 
Figure 3(a)-(c) shows the surface roughness result using the algorithm of standard deviation of 
elevation. An overall trend of inclined to be flat from pre-earthquake to post-earthquake could also be 
examined. However, the effect is not as obvious as that concluded by the method of Root mean square of 
elevation.
Figure 4(a)-(c) gives the results of surface roughness with the method of standard deviation of 
curvature profile. Roughness calculating using the CnDEM has more details than that utilizing Aster 
GDEM. Alos DEM-based surface roughness shows relative smoother than the other DEMs, which as well 
prove that surface roughness change to be more flat influenced by the earthquake.  
According to these three methods used to calculate the surface roughness, we can conclude that the 
Wenchuan earthquake indeed had effects on changing the surface roughness. The method of Root mean 
square of elevation shows the most obvious results in depicting the change before and after the 
earthquake.  
5. Conclusion 
Surface roughness is a useful tool for terrain analysis. Quantitative computation of surface roughness 
of terrains in earthquake shocked area could provide valuable information for understanding aeolian and 
water erosion. Three algorithms for calculating surface roughness, root mean square of elevation, 
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standard deviation of elevation, standard deviation of curvature profile, have been implemented utilizing 
ArcGIS software. Four types of DEM, CnDEM, SRTM, Aster GDEM and Alos DEM, were used to 
analyze surface roughness. 
An overall trend of inclined to be flat from pre-earthquake to post-earthquake could be examined 
through the three measure methods, which indicate that Wenchuan earthquake indeed had effects on 
changing the surface roughness. Among the three common methods that used to examine the surface 
roughness, the method of Root mean square of elevation shows the most obvious results in depicting the 
change before and after the earthquake.  
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